Turfgrass is a fundamental part in sports fields' composition. Some aspects should be taken into account in the choosing species process, such as turfgrass use (trampling tolerance), turfgrass management, physical-chemical soil conditions and shade tolerance. With accomplishment of sporting events in Brazil, there was requirement for football arenas reform and modernization. Among architecture alterations, coverings implantation was noticed, resulting luminosity reduction affecting turfgrass development. Therefore, the objective of this work was to evaluate the influence of luminosity and substrates on Bermuda grass (Cynodon dactylon x C. transvaalensis) development. The experiment was conducted in a 5 x 4 factorial scheme (substrates x luminosities), in completely randomized design with 20 treatments and 3 replicates. The substrates were: S1 = Soil, S2 = Soil + sand (2:1), S3 = Soil + organic matter (1:1), S4 = Soil + organic matter + sand (2:1:1) and S5 = organic matter + sand (3:1), in four luminosity conditions: full sun, 30%, 50% and 80% of shading for six months. We evaluated substrates fertility composition, solar radiation, grass height and fresh and dry mass. Shading interfered on Bermuda grass development, which tolerates intermediate shading (30% and 50%). Substrates containing the highest levels of organic matter submitted to shading had impaired turfgrass performance. Keywords: Cynodon dactylon x C. transvaalensis, Turfgrass, shade tolerance, sport fields, organic matter.
Introduction
Grass is a generic term, encompassing several species of plants with prostrate growth habit and belonged to Poaceae family. Some species are widely used as soil cover for various purposes such as gardens, parks, slope protection and used in sports fields such as football, golf, tennis, polo. The multiplication process is by seed, transplant or by clumps division and should be used in sunny places. In addition to this, its main characteristic should be trampling tolerance (Demétrio et al., 2000) .
The benefits of turfgrass range from providing comfortable and safe place for fun and sports practicing to oxygen release due to photosynthesis process (58 m 2 of lawn area releases per day sufficient O 2 for one person). Furthermore, it decreases environment temperature, as it may reduce up to 16 °C in relation to paved surfaces. Moreover, grass may control soil pollution with a filter system formed by its roots and stolons, retaining and absorbing part of the substances that inflate in the soil (Villas Bôas and Godoy, 2006) .
In Brazil, due to world important sporting events, such as World Cup in 2014 and Olympic games in 2016, demand for turfgrass increased stimulating production chain (Godoy et al., 2012) , mainly Bermuda grass (Cynodon spp.) by its tolerance to water scarcity, hydric efficiency, salinity, traffic, low cuts, intense growth and fast establishment (Jiménez, 2008) . Some interspecific hybrids of Cynodon dactylon x Cynodon transvaalensis as tifway (also known as Tifton 419), is the species most used for sporting purposes due to its high recovery power (Sartain, 2002) .
However, despite all these desirable characteristics, the development of species will depend on its handling, especially about substrate in which it is installed and the intensity of luminosity.
The substrate is intended to support plants, root growth, allow gas exchange between roots and atmosphere, and supply water and nutrients (Imhoff et al., 2000; Farias et al., 2012) . It is essential that chemical and physical characteristics should be observed, whereas a single component may not achieve all requirements, and it is necessary to mix two or more materials.
Among materials it is possible to mix components rich in organic matter. It may influence biological activity and its physical-chemical properties, favouring water movement and also storage. In addition, it reduces leaching nutrient losses by increasing substrate cation exchange capacity (CEC), improves structuring and increases the carbonnitrogen (C/N) ratio. Santos et al. (2002) evaluating substrates on Zoysiagrass cv. Esmeralda development showed treatments with soil and organic matter (2:1); soil, sand and organic matter (2:1:1) and sand and organic matter (3: 1) presented better results for fresh and dry matter production, showing the benefit of organic matter addition for turfgrasses. Santos et al. (2015) also verified improvement when mixed organic matter to other components for turfgrass growth instead of only subsoil and sand.
Another limiting factor is the luminance or luminosity level, which corresponds to amount of incident light on a surface. In addition to this, different species may behave in many ways; in case of tropical grass the optimum range of luminosity is between 15,000 and 16,000 lux. In Bermuda grass low incidence of light is a highly limiting factor. However, each variety has shown different levels of tolerance, being able to maintain acceptable growth and quality even with incident radiation below ideal (Coan et al. 2012) .
According to Brosnan and Deputy (2008) , Bermuda grass requires at least six hours of sun daily, and under solar radiation restriction, photosynthesis process may be damaged and consequently reduction on turfgrass growth. With excessive shading, Bermuda grass becomes thinner, with etiolated leaves and long internodes.
Although there is an increase interest in Bermuda grass, either for landscape or sports projects, information is missing from literature about the most favourable conditions for its full development. Thus, the objective was to evaluate the influence of different substrates combinations and luminosity levels on Bermuda grass hybrid (Cynodon dactylon x C. transvaalensis) development.
Materials and Methods
The experiment was conducted in a region whose clime was classified by Köppen as Aw type, characterized by tropical humid with rainy season in summer and dry in winter. The average annual precipitation is around 1300 mm, distributed from October to March. The relative air humidity varies from 70% to 80% (annual average) and annual temperature mean is approximately 23.5 °C (Binotti et al., 2014) .
The cultivar Tifway 419 (interspecific hybrid of C. dactylon x C. transvaalensis) was implanted in black plastic containers (47.5 x 17.5 cm -top; 41.5 x 11.3 cm -bottom; 15, 5 cm high, 8.46 L volume), using donated carpets from Itograss ® , located in municipality of Pereira Barreto-SP.
The experimental design was factorial scheme 5 x 4 (substrates x shade levels) with three replicates. Plots were submitted to five substrate combination: S1 = soil; S2 = soil + sand (2:1); S3 = soil + organic matter (1:1); S4 = soil + organic matter + sand (2:1:1) and S5 = organic matter + sand (3:1). The luminosity levels tested were: full sun, 30%, 50% and 80% shading. The substrates were defined according to results obtained by Santos and Castilho (2016) . Structures were made of 1/4" iron rebar with 1 x 1 x 1 m (height x width x length) of dimension where black shade polypropylene shading screens were fixed.
The soil used for substrates composition is classified as Dystrophic Red Latosol, sandy loam-clay texture according to the Brazilian Soil Classification System (Embrapa, 2013). The organic matter was obtained through a composting process of vegetal residues with cattle manure. Thick sand with 0.6 to 2.0 mm particle size was purchased from building materials store. After substrates preparation granulometric and chemical analysis were performed according methodology described by Raij et al. (1987) and Embrapa (2017) .
Irrigation management was daily performed, manually, receiving water until saturation to ensure field capacity of each substrate. At 57 days after planting (DAP) a reduction in grass development was verified, therefore, commercial fertilizer Forth Jardim ® (N: 13%; P: 5%; K: 13%; Ca: 1%; Mg: 1%; S: 14%; B: 0.06%; Cu: 0.05%; Fe: 0.20%; Mn: 0.10%; Mo: 0.005%; Zn: 0.20%) was applied, following manufacturer recommendations (100 g m -2 and irrigating afterwards). Irrigation and fertilization were performed for did not interfere to results. The luminosity was determined daily with luximeter placed on the lawns within the structure.
At 30 (May), 150 (September) and 180 (October) days after planting (DAP) were evaluated height of aerial part -obtained by average measurement of three values using a millimetre rule. Fresh and dry mass of leaves -cutting leaves of each plot were removed using a pruning shears one centimetre from the ground and weighed on a precision scale to obtain the fresh mass. Posteriorly they were allocated into identified paper bags and dried in forced air ventilation oven at 60 °C. After stabilization the bags were weighted to obtain dry mass.
The means were submitted to Tukey test at 5% of probability and regression analysis using SISVAR program (Ferreira, 2011) .
Results And Discussion
Fertility and granulometric analysis are shown at Table  1 and 2, respectively. Substrate containing organic matter in its composition (S3 = soil + organic matter (1:1); S4 = soil + organic matter + sand (2:1:1) and S5 = organic matter + sand (3:1)) presented more macro and micronutrients increment (N, P, K, B, Cu, Mn, Fe), cation exchange capacity (CEC), saturation of bases (SB), sum of bases (V) which are important factors for soil fertility. CaCl 2 The pH value also increased compared to substrate S1 containing only soil. In this case, this substrate had low pH characterized as acid. It was possible to notice organic matter was able to increase pH value. Nevertheless, only S5 is within the acceptable range of acidity. On the other hand, decreased unfavourable elements for plant development such as exchangeable aluminium (Al), potential acidity (H + Al) and aluminum saturation (m). According to Jiménez (2008) , the satisfactory pH value for Bermuda grass is between 5.5 and 7.5, with ideal range varying from 6 to 7, therefore, the substrate S3 presents a satisfactory pH and S5 presents an ideal pH. Godoy et al. (2012) characterized Bermuda grass hybrid as being a species with high nutritional requirement. Based on this, it is possible to consider that substrates S1 and S2 contained low P and K contents, while other substrates presented high content of the same nutrients (Table 1) .
According to Santos et al. (2008) , phosphorus values are inversely proportional to clay content. Based on Tables 1 and 2 and as presented by Bastos and Carvalho (2002) , substrates S1 and S2 presented very low levels of phosphorus (below 26 mg dm -3 ), while S3 and S4 were considered better with values above 120 mg dm -3 and above 180 mg dm -3 for the substrate S5. The substrates granulometric analysis (Table 2) classified S1 to S4 as medium texture with clay ranging from 20.7% to 32.8% and sand from 73.3% to 59.3%. On the other hand, S5 was classified as sandy texture with 12.3% clay and 83.5% sand.
The textural class is an important characteristic as its variation is practically null over time and the use and management do not influence, furthermore, it is determined by the substrate components distribution of particles according to their size. In this way, it is a primordial factor when choosing the species to be cultivated in the area. This characteristic, with clay type, affects other physical properties, such as drainage and water retention, aeration and substrates consistency (Reinert et al., 2008) .
Luminosity is an important factor for grasses development belonged to group C4. One of the inherent characteristics of this group is they continue to increase their photosynthetic rate up 60,000 lux light intensity (Oliveira et al., 1973) .
According to Morocho (2009) , the optimum range of luminosity for tropical grasses is between 15,000 and 16,000 lux. Thus, according to Figure 1 , at full sun all months showed luminosity above the ideal, except in September. At 30% of shading, luminous intensity was reached in April, May, July, August and October. On the other hand, 50% and 80% of shading did not reach sufficient luminosity for good development. According to regression analysis, it was found significant data for all evaluated period. Figure 2A and 2B shows regression analysis of height at 30 and 150 DAP, respectively. It was possible to verify quadratic behaviour with a tendency for the highest etiolation in treatments with increasing shading intensity. With regression equation derivation maximum shading point was 83.75% (30 DAP) and the minimum point was 12.31% (150 DAP). At 180 DAP ( Figure 2C ), we also observed quadratic tendencies in regression curve with increasing height as luminosity decreased. By deriving the equation, the maximum height was obtained when shading was 74.2%. The presented results differed from found by Veras et al. (2010) evaluating the influence of shading on Andropogon gaynus development. The authors verified there was no significant difference between brightness levels of 62.5; 74.0; 82.4% and full sun, in which they obtained 551.5; 653.5; 730.5 and 882.7 lux, respectively.
Schreiner (1987) studying the effect of 0, 25, 50 and 80% shading levels in four different grasses (Brachiaria decumbens, Digitaria decumbens, Hemalthria altissima and Paspalum notatum), obtained smaller heights when grasses were submitted to more intense shading, divergent from observed in the present study.
On the other hand, Maciel et al. (2011) studying the influence of 50% of shade and full sun on Bermuda grass growth, presented results similar to those found in the present study, in which the grass presented higher heights when cultivated as shade. To explain these results, Martins et al. (2009) argued the exposure to less light intensity requires the plant to be more efficient at photosynthesis structure, stimulating greater plant growth. Differently from what objectified for forage grasses, gain in height is not interesting for grasses used in landscaping and sports lawns, because it increases necessity of cuts enhancing maintenance costs.
Analysing each shading level within substrates, at 30 DAP (Table 3) , it is possible to observe in full sun substrates S3 and S5 presented higher fresh mass, whereas substrates S1 and S2 produced smaller masses. At 30% shading, substrates S1 and S4 did not differ statistically among themselves, producing the largest masses, but they differed from others substrates that after cutting obtained the smallest green masses. With half of luminosity (50%) substrates containing organic matter in their composition (S3, S4 and S5) were the ones that developed more presenting larger masses, consequently, differed statistically from substrates S1 and S2. The greatest decrease of the luminosity (80% of shading) made substrates S1 and S3 highlighted in fresh mass production. Although they did not differentiate between them, both substrates were statistically larger than other. The means followed by same capital letter in column do not differ statistically from each other at 5% probability level for Tukey test. S1 = soil; S2 = soil + sand (2:1); S3 = soil + organic matter (1:1); S4 = soil + organic matter + sand (2:1:1) e S5 = organic matter + sand (3:1).
At five months of evaluation (150 DAP), when analysing the extremes, full sun and 80% shading, substrates S3, S4 and S5 produced discrepant fresh masses between eight and seventeen times in full sun in detriment of the lowest shading (Table 3 ). The presence of organic matter in these substrates may have provided greater availability of nutrients (Table 1) For 30% shading substrate S5 appeared again with the highest value of fresh mass, the lowest value occurs in the substrates S1 and S2, and may be caused by the nutritional composition of these substrates that present lower contents in relation to S5 (Table 1) . For 50% shading substrates S1 and S4 presented the highest values and substrate S5 the lowest value.
At six months after planting (180 DAT), in full sun, substrate S5 presented greater fresh mass accumulation, not differing from substrate S4, however, it was differentiated from others by almost three times more. One possible explanation is the presence of organic matter has increased the nutrients availability; favouring fresh mass accumulation (Table 1 ) and presence of sand may have favoured drainage (Table 2) .
At 30% shading, the largest green mass was observed for S5 that differentiated statistically from all other substrates.
With half of luminosity (50%) substrates containing organic matter in their composition presented the largest green masses after cutting, and S3 and S5 differed statistically from S1 and S2. Reducing the brightness to 80% shading showed S1 presented higher fresh mass in relation to all other substrates, this reduction was quite significant ranging from two to sixteen times less. The reduction below 5,000 lux ( Figure 1 ) associated with lower clay content may have impaired performance of substrates S2 to S4.
The Figure 3A , with regression curves of first fresh mass evaluation (30 DAP), shows linear behaviour for S1, S2, S5 and quadratic curves for the others. By deriving the equations, it was possible to determine that the minimum point of fresh mass accumulation in the substrate S3 was verified 37.21% shading, while maximum point for S4 was 38.30% shading. Both S1 and S2 presented increase in fresh mass accumulation as shading level increased. In contrast, the substrate S5 showed an inverse behaviour.
The regression curves for second evaluation data, at 150 DAP ( Figure 3B ), all substrates presented quadratic behaviour. It was possible to verify shading level with the lowest value was 41.05% for substrate S1 and maximum shading point ranged from 11.03% (S3) to 42.84% (S2), with mean of 23.77%. ) regression analysis at (A) 30 and (B) 150 days after planting at different levels of shading. S1 = soil; S2 = soil + sand (2:1); S3 = soil + organic matter (1:1); S4 = soil + organic matter + sand (2:1:1) e S5 = organic matter + sand (3:1). Significant regression at 5% of probability Comparing fresh mass with height at 150 DAP, verified there was an increase in height as the light decreased, however the fresh mass presented opposite behaviour, reducing its value as the level of shading increased ( Figures  2B and 3B) . Figure 4 shows linear behaviour for S1 and quadratic for S2, S3, S4 and S5 regression equations, shows a maximum point varying from 33.29 to 38.02% shading (respectively the substrates S5 and S3).
Only S1 showed tendency similar to height at 180 days, with an increase in its value as shading increases, on other substrates the fresh mass did not follow the same trend as the Bermuda grass height ( Figures 2C  and 4) . ) regression analysis at 180 days after planting at different levels of shading. S1 = soil; S2 = soil + sand (2:1); S3 = soil + organic matter (1:1); S4 = soil + organic matter + sand (2:1:1) e S5 = organic matter + sand (3:1). Significant regression at 5% of probability.
Organic matter has the characteristic of raising soil moisture retention capacity by absorbing a large amount of water -from four to six times its own weight (Mello et al, 2005) . In addition, Maciel et al. (2010) reported Bermuda grass does not perform well in areas with poor drainage, therefore, may be one of the reasons for lower fresh mass accumulation at S5 substrate due to its higher organic matter content (Table 1 ). According to Castro et al. (2009) , plants submitted to less light intensity levels have more compact leaves with reduced volume, influencing directly fresh mass value. Oliveira et al. (2013) evaluating behaviour of Andropogon gayanus and Panicum maximum under shading found at 50% of shading fresh mass accumulation was lower than the 30%, as verified at present study ( Figure  3 ). Comparing the presence or absence of shading it was possible to observe for these species that shading favoured fresh mass accumulation, being different from substrates S1, S2 and S3 and similar to observed at substrates S4 and S5 of present work (Figure 3 ). According to Castro et al. (2009) , the greatest accumulation of fresh mass in full sun is due to leaf thickness increase. This is a result of greater number of layers of paliadic cells. In this case, in shaded leaves reduction in thickness occurs due to reduction in layers of parenchymatic tissues, showing shading damages fresh mass gain, as observed at present study. Perini et al. (2011) , evaluating the effect of shading on Cymbopogon nardus development observed in shading condition a lower gain of fresh mass, but higher development in height, corroborating with the present work.
In relation to dry mass, comparing substrates within each shading level, at first evaluation (30 DAP), it can be observed in full sun substrates S1 and S2 presented lower dry mass (Table 4) , this may be caused by lower nutrients availability, due to lower amount of organic matter presented (Table 1) . At 50% of shade, substrate S4 presented higher mass, however, did not differ statistically from S1 and S5. The lower accumulation was observed in S2 and S3, which also did not differ from S1 and S5. At level 80%, substrate S3 presented the highest dry mass mean, not statistically different from S1, whereas the lowest gain was observed in S2 and S5, which did not differ from S4 (Table 4 ). The reduction of dry mass at S4 and S5 may have been influenced by organic matter presence (Table  1) , which as previously explained may affect substrate drainage, compromising grass development.
At 150 DAP (Table 4) , only full sun and 30%of shading presented statistical differences. Ant first S1, S3, S4 and S5 did not differ within each other, however, differed from S2. At second, S5 presented the highest dry mass values differing from all of others.
At third evaluation of dry mass (180 DAP), in which it is possible to verify in S3 and S4 there was development influence according to shading. At S3, intermediate levels of shading (30% and 50%) presented the highest dry mass indices, not statistically different from each other. At 80% of shading had the worst performance for substrates S2 to S4. The means followed by same capital letter in column do not differ statistically from each other at 5% probability level for Tukey test. S1 = soil; S2 = soil + sand (2:1); S3 = soil + organic matter (1:1); S4 = soil + organic matter + sand (2:1:1) e S5 = organic matter + sand (3:1).
The regression curves of dry mass at 30 days ( Figure  5A ) showed linear behaviour to S1 and S5, but with opposite tendencies, while S1 presented increase in dry mass as shading levels increase. In relation to S5 there was reduction. Substrates S2, S3 and S4 present a quadratic behaviour, deriving curves equations, it is observed the maximum shading point for dry mass gain varied between 28,66% and 42,72%, respectively, for substrates S4 and S2 and minimum shading point was observed in substrate S3 (43.36%). At 30 days, dry mass curve tendency was similar to fresh mass curve (Figures  3 and 5A ).
At Figure 5B , 150 DAP, substrates presented quadratic behaviour with low dry mass accumulation for more intense levels of shading. The maximum point varied between 6.74 and 40.46% of shading, for substrates S3 and S2, respectively, having a mean value of 20.43%; S1 obtained the minimum value at 45.01% of shading. At this evaluation, it may be observed dry mass (Figure 7 ) presented similar behaviour to observed at fresh mass (Figure 4) . However, when compared to height ( Figure 2B ), distinctions may be observed, as there was no difference among substrates for height, with level of shading increase, there was also an increase in height. For dry mass this behaviour was inverse. ) regression analysis at (A) 30 days and (B) 150 after planting at different levels of shading. S1 = soil; S2 = soil + sand (2:1); S3 = soil + organic matter (1:1); S4 = soil + organic matter + sand (2:1:1) e S5 = organic matter + sand (3:1). Significant regression at 5% of probability.
The regression curve of the dry mass at 180 DAP was presented in Figure 8 , and it may be observed quadratic behaviour, in which the maximum point of dry mass is verified at 34.87% of shading level.
Comparing dry mass to the fresh mass at 180 DAP ( Figure 6 ) it is possible to verify similar behaviour between variables, with maximum shading points close to them ( Figure 5 ). Analyzing the height ( Figure 2C ), it was observed there was increase for height according to shading increment. ) regression analysis 180 days after planting at different levels of shading. S1 = soil; S2 = soil + sand (2:1); S3 = soil + organic matter (1:1); S4 = soil + organic matter + sand (2:1:1) e S5 = organic matter + sand (3:1). Significant regression at 5% of probability. Ferreira et al. (2010) evaluating Panicum maximum cv. Tanzania development under shading conditions, verified at 60 days the greatest accumulation of dry mass in conditions of greater luminosity, differing from the present result.
In addition to it, Durr and Rangel (2000) studying the influence of shading and soils on Panicum maximum development discovered higher dry mass in the most intense shading and soil containing greater amount of organic matter. Salles et al. (2014) evaluating the effect of shading due to spacing between trees in silvopastoral system with Urochoa brizantha cv. Xaraés, verified with increase in spacing and consequent reduction in shading, there was an increase in dry mass for grass. 
Conclusions
Shading interfered at Bermuda grass performance tolerating intermediate shading (30% and 50%).
Although higher availability of nutrients in substrates containing organic matter, it has affected grass development, especially when it was submitted to the most intense levels of shading.
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